Objective To identify key factors for the delay in diagnosis of Duchenne muscular dystrophy (DMD) without known family history.
D
uchenne muscular dystrophy (DMD) is the most common muscular dystrophy in children, occurring in 1 of every 3500 male newborns. 1 DMD is an X-linked recessive disorder; approximately 30% of cases arise from spontaneous mutations in the dystrophin (DMD) gene. 2 DMD results from an absence of dystrophin, an essential transmembrane muscle protein in the dystrophin-glycoprotein complex. 3 Signs and symptoms (SS) of DMD begin before 5 years of age, and there is progressive disability, with loss of ambulation in most individuals by 10 to 12 years of age. 4 The clinical course of DMD is improved with corticosteroid therapy. [5] [6] [7] [8] [9] When there is no prior family history of DMD, the diagnosis should be suspected in boys who present with delayed development that include motor difficulties. Global developmental delay does not exclude the diagnosis of DMD as cognitive, behavioral and language abnormalities are found in about one third of cases. 10 Creatine kinase (CK) level is a sensitive biochemical marker for early detection of DMD and is elevated 50-to 200-fold above normal in children with DMD. An elevated CK level localizes the problem to the muscle and usually results in a referral to a neurologist or neuromuscular specialist for definitive diagnosis, treatment, and genetic counseling.
Since the discovery of the DMD gene in 1987, significant progress has been made in genetic testing using DNA analysis for DMD, so that it is now possible to identify DMD mutations from blood specimens in over 95% of patients with DMD. 11 Several clinic-based studies spanning more than a decade show a mean age for diagnosis of DMD between 4 and 5 years.
The purpose of this population-based investigation was to describe the timeline in the diagnostic process among individuals without known family history of DMD, to identify reasons for delays in diagnosis, and to highlight clinical steps needed to shorten the time to diagnosis.
Methods
The study cohort of 156 patients with DMD without a family history of DMD comes from the Muscular Dystrophy Surveillance, Tracking, and Research Network (MD STARnet) supported by the Centers for Disease Control and Prevention (CDC). MD STARnet identifies and gathers information on all cases of Duchenne and Becker muscular dystrophy (DBMD) born since 1982 and residing within Arizona, Colorado, Iowa, or Western New York State. The MD STARnet study population and surveillance methodology have been published previously. 21 Data Collection MD STARnet collects information from patient records from care providers in regional neuromuscular clinics, hospitals, outpatient clinics, death certificates, hospital discharge databases, and other medical sources. Records from these sources are reviewed, and relevant patient information is recorded by trained medical records abstractors using a computerized abstraction instrument. Abstracted information includes place of birth and residential history, growth data, symptoms, diagnostic tests (CK, muscle biopsy, DNA testing), data documenting the effect of disease progression on musculoskeletal, pulmonary and cardiac systems, types of clinical treatment and management procedures, and changes in mobility and function over time.
Clinical, diagnostic, and family history information is then reviewed by a clinical review committee to classify the patients into one of the following case definitions: definite, probable, possible, asymptomatic, female, or not DBMD. For this study we included definite or probable cases of DMD without known family history of DMD prior to birth. 21 To capture more detailed information pertinent to the early phases of the diagnostic process, a supplemental abstraction form was developed to record: (1) earliest SS; (2) SS that prompted evaluation; (3) identification of the individual who noticed the early SS; (4) identification of the care provider who evaluated the child and action taken as a result of the evaluation; (5) date of first CK test; and (6) date of definitive diagnosis. This form was completed by the clinician or medical abstractor from each MD STARnet site after thorough review of pertinent source records and of information already available in the database.
The clinicians, data managers, and clinical abstractors received standardized training to study purpose, definition of data elements, and best way to locate required information. Training sessions included practice in abstraction and review using several cases to improve interabstractor and intersite reliability.
Referral letters from pediatricians, initial history, and physical examination findings of specialists (neurologists, orthopedists, child neurologists, neuromuscular specialists, developmental pediatricians), parent intake forms, as well as physical, occupational, and speech pathology developmental assessments were used to determine the earliest SS and who noticed them, the date and type of care provider, and the date of first serum CK test. Information from these forms was entered into a computerized supplementary database for analysis.
Statistical Analysis
Univariate analyses were performed first to check for outliers and coding errors as well as to assess distributional properties of the data. General descriptive statistics were generated for all variables of interest. Simple linear regression was used to assess a potential change in age for the time of the first CK test and potential change in age of definitive diagnosis over the time period of the study. Data were analyzed and validated by investigators from 2 different MD STARnet sites using SAS version 9.1 (SAS Institute, Inc, Cary, North Carolina). Because MD STARnet is a retrospective chart review, not all of the data elements were complete for all patients. For example, age at first SS was not available in 23 boys, and, for an additional 22 boys, the age of first SS could not be used for statistical analysis because SS were described as ''always present'' or ''never could do.'' In 29 of the 156 boys, data identifying specific diagnostic steps were missing: (1) the age of the patient when concerns were first communicated to a health specialist; (2) what action was taken as a result; (3) who was the first specialist to request a CK test; or (4) the date on which the patient had an evaluation by a neurologist or neuromuscular specialist. Those patients with missing data were excluded from some of the analyses.
Diagnostic Delay
The initial or first SS in our cohort of nonfamilial DMD were noted by parents or caregivers at a mean age of 2.5 years (Table I), with the first SS noted before 1.5 years of age in 28% of boys and before 3 years of age in 58% of the cohort. Table II displays the most frequent first SS noticed among these age groups.
Although the recognition of first SS of DMD occurred on average at age 2.5 years, there was an average delay of over 1 year before boys were brought to a health care provider for evaluation of the SS. The mean age at which concerns about the initial SS led to a clinical evaluation of the child was 3.6 years ( Table I) . Caregivers (either family members or another primary caregiver) were most often the first to identify the initial SS, followed by school personnel (Table III) . For the majority of patients in the cohort, the health specialist first evaluating the child for initial concerns about SS of DMD was a pediatrician or family practitioner.
The first evaluation by any health specialist included a serum CK test in only 35% of cases. For the entire cohort of nonfamilial patients with DMD, the mean age for obtaining first serum CK testing was 4.7 years of age, and the mean age these patients first had an evaluation by a neurologist or neuromuscular specialist was 4.6 years of age (Table I) .
There was variation in the type of specialist who ordered the first serum CK, and there was variation between MD STARnet sites (P = .009) ( Table III) . Approximately 37% of the time a pediatrician or family practitioner ordered the first CK test. Once a referral to a neurologist or neuromuscular specialist was made, the patient almost always had a CK test performed. These CK test results had a pivotal role in establishing the diagnosis of DMD and helped to establish that the initial SS in the patient related to an underlying muscle disorder. Until the CK was obtained, the diagnosis of DMD was delayed in this cohort of nonfamilial cases.
To identify whether over the past 2 decades there has been a decrease in the age at which care providers have obtained the first CK in boys with nonfamilial DMD, we applied linear regression analysis of the ages when our cohort had their first CK over the time interval between 1982 and 2000. We did not find a significant change in mean age for obtaining the first measurement of serum CK in boys with no known family history of DMD (P = .22). The mean age for patients in our cohort at which a definitive diagnosis of DMD was established by DNA testing or muscle biopsy was 4.9 years. We found a nonsignificant trend toward reduction in the age at which care providers have established a definitive diagnosis of DMD from 1982 to 2000 (P = .055).
Discussion
There continues to be a delay in recognition of the early signs and symptoms of DMD. This delay has not changed substantially over the past 20 years despite the availability of definitive molecular genetic testing and disease modifying treatments. The age of definitive diagnosis of DMD in our population-based study is 5 years, almost identical to that reported in small single clinic cohorts in the early 1980s and in the mid 1990s from the United States and Europe. [12] [13] [14] [15] [16] [17] [18] [19] [20] There is an average delay of 2.5 years between onset of symptoms and time of definitive diagnosis, and there is a delay of 1.1 years between onset of symptoms and the time at which these concerns result in an evaluation by a health care provider. Although this may be in part due to lack of awareness by parents, especially if they are first-time parents, frequently the first report of concerns triggers a referral to a care provider who cannot order CK screening test such as a physical, occupational, or speech therapist or a developmental stimulation program such as Early Intervention in NY State. The MD STARnet is currently conducting parents' interviews that include several questions regarding the Table III . First medical evaluation for concern about signs and symptoms for patients with Duchenne dystrophy without family history of dystrophy. ''diagnostic odyssey'' that will help to clarify the reasons for this portion of the diagnostic delay.
There is an additional delay of 1.1 years between the first clinical evaluation of SS of DMD and the time at which a care provider obtains a serum CK test. Our study is the first to identify where the delays occur. It also has the advantage of being a multistate, population-based cohort rather than a single clinic case review. One limitation of our study is that only 156 cases of the 453 could be included in the analysis.
Serum CK testing is an easy, sensitive, and inexpensive test that appears to be underutilized in patients that have early SS compatible with DMD. The first evaluation of children in our cohort presenting with motor or global developmental delay resulted in CK screening in only 35% of cases. In about 25% of children, referral was made to physical, occupational, or speech therapy or to a developmental stimulation program without any diagnostic testing. No referral or testing was made in an additional 6% of cases in our cohort.
There are compelling reasons to shorten the time to establish a definite diagnosis in DMD. Highly sensitive genetic testing is available to identify mutations responsible for DMD, and positive results allow timely genetic counseling, assessment of carrier status, and initiation of treatment with corticosteroids. In our cohort, 14 additional brothers and 1 maternal cousin with DMD were born into families before definitive diagnosis of DMD was made in the proband. Recognition of early signs and symptoms of DMD and its definitive diagnosis offers families an opportunity to use this information for reproductive planning. A definite diagnosis with documentation of the specific DNA mutation is also necessary for the patients to participate in new treatment trials currently underway.
Newborn screening has been advocated by some as the best solution for early detection of DMD. [22] [23] [24] Screening during the newborn period or later in infancy to identify children before onset of symptoms is currently undergoing investigation in 2 pilot studies in the United States. However, until newborn screening becomes established as an integral part of the search for patients with DMD, care providers must focus on improving their ability to make an early clinical diagnosis.
Given the nonspecific presentation of early DMD, the relatively high frequency of cognitive and language impairment along with motor delay, and the low cost of the test, we strongly advocate the addition of CK test to standard evaluation of any boy presenting with developmental delay by pediatricians and family practitioners who usually see these children first. Others have made similar recommendations. 18 We believe this is a serious omission in the current version of the American Academy of Neurology Practice Parameter for the evaluation of a child with developmental delay. 25 We also support the ongoing effort by all organizations involved in the care of children with DMD, such as the Centers for Disease Control and Prevention, American Academy of Pediatrics, the American Academy of Family Physicians, the Muscular Dystrophy Association, and Parent Project Muscular Dystrophy, to develop and disseminate new educational tools that will assist care providers in recognizing early symptoms and signs of DMD. n
